Summary. A rapid radiometric assay based on thin-layer-chromatography and the competition by progesterone for binding sites on the corticosterone-binding globulin of human plasma was used to determine changes in the level of progesterone in peripheral bovine plasma during the oestrous cycle. The blood level (ng/ml, mean \ m=+-\ S.E.) of the hormone was minimal ( 0\ m=. \ 6\ m=+-\ 0\m=.\15to 0\ m=. \ 8\ m=+-\ 0\m=.\20) from Day \m=-\2 to +2 of the cycle (Day 0 = day of oestrus), rose steeply between Day 3 and Day 7, and either continued to rise very slowly or maintained a plateau fluctuating about a mean of 5\ m=. \ 4\ m=+-\ 0\m=.\16 for 8 to 10 days, before declining; the most abrupt fall in plasma progesterone concentration occurred on Day \m=-\4 or \m=-\3. The results agreed well with control data obtained by sequential paper-and gas-chromatography (r = 0\m=.\93).
INTRODUCTION
The peripheral plasma level of progesterone furnishes a valuable indication of the concentration of the hormone reaching the target organs and the control centres governing the secretion of gonadotrophins, at various phases of the reproductive cycle. Alterations in circulating progesterone level, unless deter¬ mined by changes in peripheral metabolism, also supply information on the functional state of the corpus luteum, or of alternative sources of the hormone such as the adrenal or placenta. Detailed information concerning this para¬ meter is thus essential for a meaningful application of the concepts of systems analysis and control engineering to the study of the oestrous cycle (see Schwartz, 1969) .
A barrier to the collection of such data has been the large plasma volume required for a single analysis, in view of the low progesterone levels in the nonpregnant animal: 300 to 500 ml are needed for assays based on u.v. spectrophotometry, about 50 to 80 ml for gas-liquid-chromatography (GLC) with hydrogen-flame-ionization detection, or 20 ml when an electron-capture detecting device was used (Stabenfeldt, Ewing & McDonald, 1969 Progesterone was determined in the plasma by one or two of the following methods.
Method 1 {paper-and gas-liquid-chrornatography) This method consisted of extraction of the plasma sample (80 ml) as described by Lindner, Lunenfeld & Shelesnyak (1967) and determination of progesterone in these extracts by sequential paper-and gas-liquid-chromatography (PC/ GLC), using a hydrogen-flame detector (Lindner & Zmigrod, 1967) . A radioactive internal recovery standard was used to compensate for losses in¬ curred during analysis.
The limit of sensitivity of this method was 1-2 to 1-5 ng/ml progesterone. No progesterone ( < 1 -5 ng/ml) was detected in the blood of the ovariectomized cow. When progesterone (5 ng/ml) was added to this plasma, the mean pro¬ gesterone concentration found in twelve replicate determinations was 5-4 ng/ml + 0-024 S.E. The standard deviation of a single determination of progesterone at plasma levels of 4 to 7 ng/ml was 8 to 13 % in different trial series.
Method 2 {thin-layer-chromatography and competitive protein binding)
This method was based on the competition between progesterone and tritiumlabelled corticosterone for binding sites on the corticosteroid-binding globulin (CBG; Johansson, 1969) . Before application of this technique, progesterone was separated from the plasma extracts by thin-layer-chromatography (TLC; Neill, Johansson, Datta & Knobil, 1967 Using this method, the progesterone concentration in the plasma of the ovariectomized cow was found to be 0-6 ng/ml. The reagent blank (water extract) was <0-l ng/ml. Varying amounts of progesterone (0-5 to 4-4 ng/ml), within the range commonly found in the peripheral blood of cows during the oestrous cycle, were added to plasma from the ovariectomized cow. The mean recovery of the added steroid as estimated by the TLC/CPB assay was 84-1 % + S.E. 3-26. In routine assays, the procedure was rigidly standardized and the results reported have been corrected for losses during analysis, assuming a uni¬ form recovery rate of 80 %.
Method 3 {competitive protein binding)
This method was similar to Method 2 in all respects, except that the TLC step was eliminated. The rapid method is based on the observation that certain batches of petroleum ether will selectively extract progesterone from plasma, while extracting only minimal amounts of other steroids (such as 17a-hydroxyprogesterone and 20-dihydroprogesterone) able to interfere with the CPB assay (Murphy, 1967; Johansson, 1969 Plasma progesterone (ng/ml; mean ± S.E.) Gas Chromatographie data, previously published (Shemesh, Ayalon & Lindner, 1968a) , are shown for comparison (Table 1) . Flame-ionization detec¬ tion permitted only the definition of an upper limit ( 1 -2 ng/ml) for the nadir of the cycle (Days -2 to +2). Few cows had measurable progesterone levels (1-5 to 1-7 ng/ml) on Days 3 to 5. The luteal plateau extended to Day -3 (mean 4-3 ng/ml + 0-20 S.E., Days 9 to -3), so that the fall between the 3rd and 2nd days before oestrus was even more abrupt.
DISCUSSION
The results presented indicate that a rapid method for determining plasma progesterone, based on the competition of progesterone for binding sites on the corticosterone-binding globulin of human plasma (see Murphy, 1969) , can be applied to bovine peripheral plasma and yields results that are compatible with those obtained by much more exacting gas-liquid-chromatographic procedures (Shemesh, Ayalon & Lindner, 1968a, b; Pope, Gupta & Munro, 1969; Stabenfeldt et al., 1969 A study by Henricks, Roland & Hill (1969) , published in abstract form, also indicated that a CPB method can be used to determine plasma progesterone in the bovine; but Rao & Estergreen (1969) The day-to-day changes observed in the plasma progesterone concentration of non-pregnant cows by means of the TLC/CPB assay present a cyclic pattern, characterized by minimal plasma progesterone levels (0-6 to 0-8 ng/ml) on the 2 days preceding and the 2 days following ovulation, a sharp rise from the 3rd to 7th day of the cycle, followed by a very slow rise or a plateau lasting for 8 to 10 days, with fluctuations about a mean of 5-4 ng/ml. Plotka, Erb, Callahan & Gomes (1967) , who used a double isotope derivative assay, reported four to twenty times higher values, but the specificity of the method used by these authors has since been questioned (Stabenfeldt et al., 1969) .
A striking feature of the bovine cycle is the abrupt fall in the peripheral progesterone level, observed in our series usually between the 4th and 3rd, or the 3rd and 2nd days before oestrus. Since this fall is not seen in pregnant animals, an early pregnancy diagnosis can be made at this time by plasma progesterone determinations (Shemesh et al., 1968b; Pope et al., 1969) . Staben¬ feldt et al. ( 1969) found that the time interval between the decline of progesterone and the occurrence of oestrus ranged from 1 to 5 days and attributed this to variation in the time required for follicle development and maturation. Our impression is that cycle length is determined chiefly by variation in the dura¬ tion of luteal function rather than of follicle development.
A preovulatory rise in ovarian progesterone secretion, analogous to that observed in rodents, could not be demonstrated in the cow.
Since the cyclic changes observed in peripheral plasma progesterone levels roughly parallel those of luteal progesterone synthesis in vitro (Armstrong & Black, 1966) , luteal progesterone content (Erb & Stormshak, 1961) and progesterone secretion into the ovarian venous blood (Dobrowolski, Stupnicka & Domanski, 1968) , one may assume that the metabolic clearance rate of progesterone remains more or less steady throughout the oestrous cycle. The view that peripheral plasma progesterone levels in the cow bear no consistent relationship to the oestrous cycle (Gomes, Estergreen, Frost & Erb, 1963) can certainly no longer be maintained.
